Introduction
The annulation of a pyrrol-dione cycle with a benzoxazine fragment led to the formation of the polycarbonylic heterocyclic 1H-pyrrolo[2,1-c] [1, 4] benzoxazine-1,2,4-trione system. ]tetradecane system 7, 8 E, respectively (Scheme 1). During continuing studies on analogous transformations, we have now examined the reaction of pyrrolobenzoxazinetriones with a spiro heterocyclic enamine containing an additional functional amide group NH2 -substituted 2-(3,3-dimethyl-8-oxo-2-azaspiro [4.5] deca-6,9-dien-1-ylidene)acetamides. 9 The latter possess three nucleophilic centers, β-CH and NH groups in the enamine moiety and an amide NH2 group. Initial electrophilic attack at one of these centers should determine the structure of the final product. ] tetradecane system E.
Results and Discussion
3-Aroyl-1H-pyrrolo [2,1-c] [1, 4] benzoxazine-1,2,4-triones 1a-e interacted with substituted 2-(3,3-dimethyl-8-oxo-2-azaspiro[4.5]deca-6,9-dien-1-ylidene)acetamides 2a-c, 9 proceeding at a 1:1 molar ratio of reactants under reflux for 2-5 min in anhydrous acetonitrile (until the disappearance of the bright violet color typical of the initial compounds 1) and resulted in the formation of substituted dispiro pyrrolizidines 3a-o (Scheme 2). The structure of compound 3f was confirmed by X-ray analysis ( Figure 1) .
Compounds 3a-o are light yellow crystalline substances readily soluble in dimethylsulfoxide (DMSO) and N,N-dimethylformamide (DMF), poorly soluble in alcohols, ethers, chlorocarbons, aromatics and insoluble in saturated hydrocarbons and water. They showed a positive color test result (cherry color) for phenolic and enolic hydroxyl group upon treatment with an alcoholic solution of FeCl3.
The molecular structures of compounds 3a-o were confirmed with the help of spectroscopic and analytical data. For example, the IR spectra of 3a-o contained two stretching bands of an NH2 group in the range of 3428-3496 and 3303-3383 cm -1 , respectively, a stretching band indicating enol OH group as broadened band in the range of 3088-3247 cm - Analysis of compounds 3a-o by 1 H NMR spectra (DMSO-d6) showed that, besides the signals inherent to the protons of aromatic rings and the substituents attached thereto, the spectra exhibited two singlets at δ 1.16-1.91 ppm due to six protons of two methyl groups at the C 5' -atom of the pyrrolidine moiety, a two doublets at δ 1.98-2.72 ppm due to the methylene protons at C 6' -atom of the pyrrolidine moiety, a broadened a singlet at δ 5.67-6.37 ppm due to two protons of group NH2, a singlet at δ 9.89-10.34 ppm due to proton of the phenolic group OH, and a singlet at δ 11.81-12.51 ppm due to proton of the enolic group OH.
We hypothesized that the described reaction involves the initial addition of an activated β-CH group of 2 to the C 3a in molecule 1, followed by pyrrole ring closure via intramolecular attack by the NH group on the lactone carbonyl carbon atom C 4 in the oxazine ring and opening of the latter at C 4 -O 5 , as has been described previously for the reaction of the same pyrrolobenzoxazinetriones with heterocyclic enamines: 1-methyl-3,4-dihydroisoquinolines 10, 11 2′,5′,5′-trimethyl-4′,5′-dihydro-4H-spiro[naphthalene-1,3′-pyrrol]-4-one. 6 It should be noted that the most favorable nucleophilic reaction center is the acetamide group NH2 (N δ--0.400 for 
Crystallographic data. According to the X-ray data, compound 3f crystallizes in the centrosymmetric space group of a monoclinic system as a solvate with acetonitrile (1:1). The molecule has a complicated stereochemistry (Figure 1 ), so only heteroatoms are marked in Figure 1 for clarity. All bond distances and angles are typical for this class of compound. In the crystal packing, a system of intramolecular H-bonds with the participation of CONH2, OH and C=O groups is present.
The described interaction may be regarded as an example of a regioselective synthetic pathway to a previously inaccessible dispiro heterocyclic system with various substituents in several positions of both heterocyclic fragments. The products may be regarded as dispiro heterocyclic analogs of pyrrolizidine alkaloids. Derivatives of pyrrolizidine alkaloids exhibit important pharmacological properties; 12 among these, the most significant are indicine N-oxide, platiphillin, and sarracine, which are important antitumor and spasmolytic drugs.
Experimental Section
General. The IR spectra were recorded in mineral oil on an IFS 66 (Bruker) spectrophotometer. General procedure, exemplified by 2-(3,3,6,9-tetramethyl-8-oxo-2-azaspiro[4.5]deca-6,9-dien-1-ylidene)acetamide (2a). 5.0 mmol of cyanoacetic acid amide was dissolved in 4 ml of 92% H2SO4, then under ice-cold water, 5.0 mmol of 2,5-dimethylanisole and 7.5 mmol of isobutyric aldehyde in 1 ml of CH2Cl2 were added. The mixture was stirred for 20 min at room temperature, then poured into a mixture of ice and 25 ml of aqueous ammonia. The resulting solid precipitate after neutralization was filtered off and purified by recrystallization from an ethanol-acetone mixture. 2a. Light yellow crystals (from EtOH-(Me)2CO), yield 61%, mp 197. 2-(9-methoxy-3,3,6-trimethyl-8-oxo-2-azaspiro[4.5]deca-6,9-dien-1-ylidene)acetamide (2b) . 2.0 mmol of cyanoacetic acid amide was dissolved in 2 ml of 92% H2SO4, then under ice-cold water, 5.0 mmol of 2,5-dimethylanisole and 7.5 mmol of isobutyric aldehyde were added. The mixture was stirred for 20 min at room temperature, then poured into a mixture of ice and 7 ml of aqueous ammonia, and extracted with methylene chloride (3 × 10 ml). The combined extracts were dried over MgSO4, the solvent was distilled off, and the residue was crystallized from isopropanol. 
(4''H),7'-[7H]pyrrolizine-2'(3'H),2-[2H]pyrrole]-1'-carboxamide (3a).
A solution of compounds 1a (1 mmol) and 2a (1 mmol) in dry acetonitrile (20 ml) was heated under reflux for 2 min and then allowed to cool. The resulting solid precipitate was filtered off and purified by recrystallization from ethylacetate. 3a. 3-(4-Chlorobenzoyl)-5'6'-dihydro-4-hydroxy-1-(2-hydroxyphenyl)-2'',5',5',5''-tetramethyl-3',4'',5-trioxodispiro[(2'',5''-cyclohexadiene)-1''(4''H),7'-[7H]pyrrolizine-2'(3'H) X-ray diffraction study of the compound (3f). X-ray analysis of 3f including data collection, cell refinement and data reduction was carried out with an Oxford Diffraction Xcalibur SCCD diffractometer using CrysAlisPro software package 13 . Analysis was accomplished on standard procedure (monochromatic MoKα-irradiation, ω-scanning with steps 
5'6'-Dihydro-4-hydroxy-1-(2-hydroxyphenyl)-2'',5',5',5''-tetramethyl-3-(4-methylbenzoyl)-3',4'',5-trioxodispiro[(2'',5''-cyclohexadiene)-1''(4''H),7'-[7H]pyrrolizine-2'(3'H),2-[2H]pyrrole]-1'-carboxamide (3b). Light yellow crystals (from EtOAc
)
